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Abstract 
Wetland grasslands are important ecosystems for raising beef cattle, because 
they are highly productive and present forages with high quality. Most of 
these ecosystems are threatened by overgrazing or by being replaced by exotic 
pastures. Emergy synthesis approach was used to assess and value the services 
provided by native pastures wetland under three conservation status and also 
to compare them to exotic pastures on wetlands. The ecosystem service that 
was assessed included forage provision for calves production estimated from 
grazing capacity of cow with calf at the foot. Habitat maintenance to plant 
diversity and wild herbivores were also evaluated. The results showed that 
natural wetland pastures with better conservation status provided valuable 
ecosystem services and are highly renewable. Data envelopment analysis 
(DEA) showed that regardless of the conservation state of the natural pas-
tures, wet native grasslands were more efficient than wet exotic grasslands. 
Replacing native pastures by exotic ones may reduce plant diversity and the 
renewability of the system. The proposed method has a holistic approach to 
pasture ecosystems and is able to help decision-makers to define sustainable 
management practices and to subsidise public policies when it comes to pay-
ments regarding ecosystem services. 
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1. Introduction 
Wetlands are one of the world’s most productive ecosystems, contributing with 
about 40% of the planet’s ecosystem services such as biodiversity protection, wa-
ter storage, flood control, groundwater replenishment, sediment and nutrient 
retention, wildlife habitats, carbon sink, climate regulation, cultural values, rec-
reation and tourism and food for animals [1] [2] [3]. Ecosystem services are di-
rect and indirect benefits of ecosystems for human well-being [4] [5]. Defini-
tions and classifications of ecosystem services has sought separation between in-
termediate and final service to avoid risk of double counting [6], focusing on 
“final outputs” from ecosystems that people use and value [7]. 
Over 60% of the services provided by ecosystems have been degraded in the 
past 50 years [8]. Studies about quantification and valuation of the services are 
required for a better understanding of what the ecosystem services require and it 
is also necessary that these studies be used in decision making and for planning 
the sustainable use of these resources [7] [9]. Over the past decades, progress 
was observed in the researches with ecosystem services with the use of different 
methodologies [10] [11], including emergy analysis [12] [13] [14], which takes 
into account a systemic analysis and allows to evaluate the complex and multi-
functional nature of the extensive livestock systems [15]. 
Brazilian Pantanal is considered to be the world’s major floodplain compris-
ing a forest-savanna-wetland complex mosaic of 147,574 km2, influenced by 
neighbouring biomes [16]. This mosaic landscape is hydrologically controlled 
and highly dynamic by wet-season flood pulse, which probably contributes to its 
low levels of endemism [17]. The diversity of forage resources makes the region 
suitable for beef cattle ranching in extensive systems, mainly beef calves’ produc-
tion. At present, about 95% of Pantanal is occupied by private farms of livestock 
[18], thus the sustainability of this activity depends on natural forage resources 
variable between the distinct sub-regions. The main vegetation types used for 
foraging are floodplain rangelands, especially open grasslands and edges of water 
bodies such [19]. Thus, wetlands which are dominated by grasses are heavily 
used for cattle grazing as the upland landscapes generally have a lower quality of 
pasture. In general, these areas are replaced by exotic grasses such as Urochloa 
humidicola, which produce more dry mass. However, this practice has been in-
tensified in the region, thus having a negative impact when reaching wetland 
landscapes. The grasses Urochloa radicans and Panicum repens are invading the 
wetlands and therefore becoming a serious threat to the native biodiversity and 
ecosystem services. Efforts and conservation strategies are necessary in order to 
protect Pantanal wetlands from human impacts [18]. 
Considering that grazing wetlands have several benefits, mainly the provision 
of high quality forage to beef cow-calf production, which is a service with eco-
nomic value, quantifying this service could be one of the strategies. 
To deal with this challenge, the aim of this study was: 
1) To assess native pasture wetland under different conservation status; 
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2) To quantify the services of wetland with native pasture and converted to 
exotic pastures for weaned calves’ production; 
3) To suggest strategies to subsidy public policies in order to encourage 
ranchers to conserve native pasture wetland and ecosystem services. 
2. Material and Methods 
2.1. Study Area and Sampling Methods 
The study area is located in the Nhecolândia sub-region (18˚59'11"S 
56˚37'19"W), Pantanal, in the State of Mato Grosso do Sul, Brazil. This region is 
characterised by a mosaic of vegetation physiognomies comprising the “cordil-
heiras” that are the highest parts of the mesorelief, generally covered with for-
ested savannas or a semi-deciduous forest; savanna woodlands; open grasslands 
and small permanent and temporary ponds (depression locally known as 
“baías”). Ponds are considered wetlands and their dry edge varies according to 
the wet/dry cycle as well as the forage available, which is influenced by the plu-
vial flooding (Figure 1). In general, pond edges are covered by aquatic macro-
phytes, especially C3 grasses such as Hymenachne amplexicaulis and Luziola 
subintegra. This sub-region is suitable for livestock ranching [18]. The soils are 
of sandy texture classified as Hydromorphic Quartzarenic Neosoil (Entisol) [20]. 
Data were obtained from an experiment conducted during the hydrological 
year from October 2014 to September 2015, on natural grassland wetlands (pond 
edges) under three different conservation degrees: optimum, regular and mar-
ginal [21], with three repetitions distributed over eight management units (MU)  
 
 
Figure 1. Native pasture wetland around the edge of a pond in the Nhecolândia 
sub-region, Brazilian Pantanal during wet season. 
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located on the Nhumirim ranch, Embrapa Pantanal. A reference pond edge 
dominated by Urochloa humidicola was also evaluated, totalising nine pond 
edges. On nine of the pond edges, the historical management was beef cow–calf 
production with low stocking rate (0.3 AU∙ha−1) in a continuous grazing system 
(Figure 2). The total precipitation records for the hydrological year 2014/2015 
were 1148.8 mm near climatological normal of 1139.8 (35 years average). The 
total precipitation during the rainy period (October to March) was within the 
average and the dry period (April to September) was slightly above the average 
in comparison to the climatological normal means (data collected at the clima-
tological station of Nhumirim ranch). 
In each pond, three grazing cages (1 m2) were allocated in order to estimate 
forage and no forage mass accumulation rates from September 2014 to March 
2015, according to the triple pairing methodology [22]. Aboveground plants 
were clipped in 0.25 m2 plots inside and outside of the exclusion cage in October  
 
 
Figure 2. Map of the study area showing the mosaic of vegetation physiognomies with small 
permanent and temporary ponds on the Nhumirim ranch, Embrapa Pantanal, Brazil. 
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2014 (late dry season) and April 2015 (late rainy season) and put in an oven at 
65˚C for three days for further analysis at the Laboratory of Chemical Analysis 
of the Embrapa Pantanal. Dry matter was analysed according to the AOAC with 
adaptations [23]. Root samples were collected in native wetland pastures in No-
vember 2014, using the monolith method that consists of the removal of soil 
blocks with roots. A cylindrical root collector 17 cm deep and 9 cm in diameter 
was used, with a volume of 0.00085 m3. The roots collected were washed in the 
laboratory with the use of a hose and sieves to separate them from the soil. The 
roots were then weighed and dried. As this layer up to 20 cm represents about 
70% of the root system dry matter [24] thirty percent was added so as to estimate 
belowground dry matter. The net primary productivity (NPP) was estimated by 
summing the aerial and the root dry mass. 
Two phases are followed in order to quantify the provision service offered by 
wetland pastures: 
Phase 1. understanding and quantifying wetland pasture ecosystem ser-
vices 
It was assessed: forage provision for calves production and wild herbivores 
maintenance (t DM ha−1) and plant diversity. Weaned calves are the main prod-
uct of the Pantanal. For each state of conservation of the pasture, the total usable 
forage as a product of the annual forage production, degree of utilisation and 
area (1 ha) were calculated. The degree of utilisation adopted was 50%. The av-
erage annual forage production was based on key forages [25]. 
The calculation for the demand of forage was determined by the product of 
the body weight (measured as an animal unit), grazing time (365 days) and in-
take. In this study an animal unit (AU), a “pantaneira” cow of 350 kg and its calf 
equals about 450 kg [25], a capybara of 40 kg, and a deer of 30 kg were consid-
ered. The intake was estimated as the percentage of the body weight of each 
animal. Two percent for cattle while for the wild herbivores four per cent were 
considered to assess the grazing capacity [26] [27]. The data of the grazing ca-
pacity of browser/grazer used in this research was obtained from the distribution 
of densities and metabolic biomass of medium- to large-sized nonvolant mam-
mals in the forest, savanna and floodplain landscapes, in an area with low an-
thropogenic influence, in the central area of the Brazilian Pantanal, during a 
prolonged drought. The following browsers/graziers were considered: Hydro-
chaeris hydrochaeris, Mazama gouazoubira, Mazama Americana, Ozotoceros 
bezoarticus, Blastocerus dichotomus and Tapirus terrestris [28]. Livestock (cows 
with calf at the foot) and wildlife production was evaluated by using grazing ca-
pacity that is reflected by the animal production defined by kg∙ha−1. 
The diversity of plant and forage resources were evaluated by using the step 
point method along with a walking transect of 100 points at random on the 
pond’s area [29]. Overall richness (number of plant species) and number of for-
age species were calculated for each pond and conservation status. The diversity 
of plants was quantified as a function of the Pantanal area (ha) and the number 
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of existing plant species. One thousand ninety hundred plant species [30] were 
considered in an area of 150.355 km2 (15,035,500 ha). 
Phase 2. Emergy methodology approach 
For the evaluation of the wetland grassland ecosystems, the emergy method-
ology was used [13]. It consists in the conversion of the ecosystem goods and 
services expressed in solar emjoules (sej). This methodology presents advantages 
regarding the economic methods, since it values the true nature of the contribu-
tion. The emergy analysis consists of the following phases: 1- to define the 
boundary system through a diagram to characterise the system components, 
sources and emergy flows, describing the input/output (Figure 3). The diagram 
includes both economic and nature resources and shows all relevant interac-
tions. Primary renewable flows are sunlight, rainfall and water table. After the 
definition of the diagram, a table of emergy flows was constructed, where nu-
merical values and units were placed for each flow that allowed for the multipli-
cation of all the components by their respective transformity in order to arrive at 
the emergy flow. The transformity for diversity of plants was calculated based on 
the renewable potential of the region considering the emergy flow of precipita-
tion: 2.02 × 1015 sej (ha∙year−1). The relationship of this value multiplied by area 
and divided by the species number results in the value sej/species. 
The countability of the data regarding optimum conservation status is pre-
sented in Appendix 1. 
In order to assess the ecosystem services, the value of 1.18E+13 seJ/USD was 
considered, which refers to the relation between the emergy of the country and  
 
 
Figure 3. Emergy flow diagram showing the ecosystem services produced within a native pasture wetland. 
S. A. Santos et al. 
 
 
DOI: 10.4236/oje.2020.105019 309 Open Journal of Ecology 
 
the gross domestic product (GDP) of the year. From this relation, it was possible 
to convert and evaluate each flow in the emergy of the system in monetary unit, 
the emdolar (em$), which can be used to estimate, in emergy, the value spent on 
the support of human activity [12]. Forage provision for calves production was 
estimated as 22% of the grazing capacity (AU ha−1 year). Emergy based indexes 
[12] and the emergy sustainability index (ESI) [31] were calculated (Table 1). 
2.2. Sustainability Efficiency 
Data envelopment analysis (DEA), a method for evaluating the productive effi-
ciency of decision making units (DMUs) by optimising the weighed out-
put/input ratio [32] was used so as to study the efficiency of sustainability of 
pasture ecosystems [33]. Each pasture ecosystem was considered a DMU. The 
inputs were Tr, ELR and EIR and the outputs include ESI, EYR and product 
(Table 1). Two DEA models: Constant Returns to Scale (CRS) and Variable Re-
turns to Scale (VRS) [34] were tested with an output orientation. 
3. Results 
Forage genetic resources, productive traits and grazing capacity were variable in 
function of the conservation status of the native pasture wetland. Exotic pasture 
wetland exhibited lower plant richness (Table 2). 
 
Table 1. Expressions and descriptions of emergetic indexes. 
Name of index Expression Description 
Renewable ratio (R ) - Local/free renewable resource. R is a renewability factor indicating the percentage of 
renewable emergy locally available used by the system 
Nonrenewable sources (N ) - Local/free non-renewable resource 
Economy feedback (F) - Feedback from the economy or purchased resources 
Energy yield (E) - Energy yield of each product 
Total emergy output (Y) Y = R + N + F Total emergy 
Transformity or energy 
transformation (Tr) 
Tr = (R + N) + F/E Emergy input per unit of available energy output (Emjoule/joule). Tr is the inverse 
value of the system efficiency. 
Materials (M) M = Mr + Mn It includes the sum of renewable materials and energy (Mr) and nonrenewable 
materials and energy (Mn). 
Services (S) S = Sr + Sn + Ss It includes the sum of renewable services (Sr), nonrenewable services (Sn) and 
externalities (Ss) 
Emergy yield ratio (EYR) EYR = Y/F Total emergy (Y) divided by the sum of the feedback emergy of non-renewable inputs 
from economy (M + S) 
Emergy investiment ratio (EIR) EIR = F/(N + R) It is the relation between flows of imported emergy (F) from the economy divided by 
the local inputs from the environment 
Environmental loading ratio 
(ELR) 
ELR = (N + F)/R Ratio of total nonrenewable emergy (N + F) divided by the total renewable emergy (R) 
for a given productive process 
Emergy sustainable index (ESI) ESI = EYR/ELR Ratio of EYR divided by ELR. ESI reflects the capacity of the grassland to provide 
services with a minimum environmental pressure and a maximum economic profit 
Emergy exchange ratio (EER) EER = Y/[($) × (sej/$)] Ratio of emergy of the product and emergy received in a trade or purchase 
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Table 2. Summary of the forage genetic resources, plant richness and productive traits of native pasture wetland under three con-
servation status and exotic pasture wetland in optimum conservation status. 
 Conservation status Exotic/optimum 
status 
Optimum Regular Marginal 
Forage genetic resources Predominance of C3 grasses 
(Hymenachne amplexicaulis, 
Luziola subintegra and 
Steinchisma laxum) 
Predominance of C3 grasses (H. 
amplexicaulis and L. subintegra 
and C4 (Reimarochloa spp. and 
Cynodon dactylon) 
Predominance of C4 grasses 
(Reimarochloa spp. and 
Cynodon dactylon) and C3 (S. 
laxum and H. amplexicaulis) 
Predominance 
of Urochloa 
humidicola 
Plant richness 15 15 13 4 
NPP1 (t DM ha−1 year −1) 15.85 12.88 9.45 17.08 
Above forage biomass (t 
DM ha−1 year −1) 
10.22 7.80 6.41 8.93 
Utilization threshold (%) 50 50 50 50 
Available forage  
(t DM ha−1 year −1) 
5.11 3.90 3.21 4.46 
Grazing capacity 
(AU)2 
1.6 (11.6 or 8.7) 1.2 (8.9 or 6.7) 1.0 (7.3 or 5.5) 1.4 (10.6 or 7.6) 
1NNP - Net primary productivity; 2One animal unit (cow of 350 kg with calf at the foot - about 450 kg) was considered - Intake will be 450 × 0.2 (2% of live 
weight) = 9 kg of dry matter (DM) per day = 3285 kg DM/year. In parentheses there are estimated values of the grazing capacity for deer (AU = 30 kg) or 
capybara (AU = 40 kg), respectively considering intake of 4% of the live weight. 
 
Figure 3 shows the emergy system diagram of natural and exotic native pas-
ture wetland ecosystem. The emergy of renewable input flows: sun, rain, river 
water, water table, support and contribution to the natural functioning of eco-
systems, were also taken into consideration. The good services (export market) 
provided by wetland grasslands evaluated in this study included calves produc-
tion. The values of R, EYR, ESI, EER and Tr found for the optimum status of the 
native pasture wetland were lower than the regular and the marginal status while 
ELR and EIR were higher than the regular and the marginal status (Table 3). 
Exotic pastures wetland presented higher values for Y, EIR, ELR in comparison 
to natural pastures. Natural pastures showed higher R (with values close to 90%), 
regardless of their conservation status. Marginal status natural pastures pre-
sented higher Tr while optimum natural pastures presented lower Tr. All wet-
land natural pastures evaluated had higher EYR than exotic pastures, which in-
dicates a greater use of secondary raw material. EIR values were very low for all 
the pasture ecosystems evaluated. ELR values obtained in this study were very 
low for all the ecosystems. Natural grasslands in an optimum state had EER val-
ues closer to 1. 
The monetary value of indirect provisioning services as forage production for 
calves’ production was variable in function of the conservation status of the wet 
grasslands (Table 3). 
Table 4 shows the processed data of the inputs and outputs of DEA and the ef-
ficiency from CRS and VRS models. All native pastures, regardless of their con-
servation status, were considered efficient when compared to the exotic pastures. 
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Table 3. Emergy-based indexes and emdollar values for ecosystem services of native pas-
tures wetland for calves production under different conservation status (CS), compared to 
planted exotic pasture of Urochloa humidicola under optimum conservation status. 
Emergy indexes 
Native pastures Wetland Exotic pasture  
wetland Marginal SC Moderate SC Optimum SC 
Y (seJ∙ha−1 year) 2.22E+15 2.24E+15 2.27E+15 2.84E+15 
R (%) 92.09 91.39 90.16 72.17 
Tr (seJ∙ha−1) 3.60E+13 3.0E+13 2.32E+13 2.89E+13 
EYR 11.22 10.31 8.99 3.46 
EIR 0.10 0.11 0.13 0.41 
ELR 0.09 0.09 0.11 0.39 
EER 1.66 1.38 1.07 1.33 
ESI 130.57 109.47 82.39 8.97 
Total sale (USD∙ha−1 year) 113.37 137.52 170.05 180.27 
Forage provision for calves  
production (EM$∙ha−1 year) 
13.77 13.89 14.11 17.65 
Y = Total emergy output; R = Renewable ratio; Tr = transformity; EYR = Emergy yield ratio; EIR = Emergy 
investiment ratio; ELR = Environmental loading ratio; EER = Emergy exchange ratio; ESI = Emergy sus-
tainable index. 
 
Table 4. Normalized data of inputs and outputs and DEA efficiency from CRS and VRS 
models for DMU’s 
DMU’s 
Input Output 
CRS VRS 
Tr ELR EIR ESI EYR 
Marginal NPW 1.000 0.231 0.244 1.000 1.000 1.000 1.000 
Moderate NPW 0.833 0.231 0.268 0.838 0.919 1.000 1.000 
Optimum NPW 0.644 0.282 0.317 0.631 0.801 1.000 1.000 
Optimum EPW 0.802 1.000 1.000 0.068 0.308 0.309 0.309 
DEA = Data envelopment analysis; CRS = Constant Returns to Scale; VRS = Variable Returns to Scale; 
DMU’s = decision making units (pasture ecosystem); native pasture wetland (NPW); exotic pasture wetland 
(EPW); Tr = transformity; ELR = Environmental loading ratio; EIR = Emergy investment ratio; ESI = 
Emergy sustainable index; EYR = Emergy yield ratio 
4. Discussion 
The ultimate purpose of any pasture ecosystem management is to provide forage 
to grazing animals (domestic and wild) using pasture forage. Mismanagement of 
the pasture such as overgrazing may exceed sustainable carrying capacity and 
reduce forage production and plant diversity as shown in pastures with different 
status of conservation (Table 2). 
Management practice interventions on wetland pastures may have implica-
tions on the plant diversity that enhance provision of ecosystem services [35] 
[36]. A common practice to increase forage provision in the region has been the 
replacement of natural grasslands by exotic grass, mainly Urochloa humidicola, 
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that decrease plant richness (Table 2). Meta-analysis and vote-counting meth-
ods has showed positive effects of plant diversity on provision ecosystem services 
ensuring its benefits to human well-being [36]. The results of this study showed 
that regarding richness, plant diversity had little variation among natural wet 
grasslands but caused changes in the proportion of C3 grasses and C4 grasses, 
indicating the necessity for further studies to considering not only effects of 
richness, but evenness and species or functional groups composition [36]. Be-
sides, communities dominated by C4 grasses generally have higher rates of pri-
mary productivity than communities dominated by C3 grasses. However, ac-
cording to present study, the natural wet grasslands with predominance of C3 
species were more productive. Such fact may be due to the predominance of C4 
short grasses such as Reimarochloa spp., an annual forage species and Cynodon 
dactylon, a pioneer forage species in the natural wet grassland evaluated. In turn, 
communities dominated by exotic C4 grasses were highly productive. 
Emergy synthesis approach was used to evaluate the services provided by na-
tive wetland grasslands under three conservation status and compared to exotic 
pastures in an optimum state of conservation on wetland. Emergy value meas-
ures the contribution of different resources to the holistic system, including the 
goods that the society uses and have market value. These services are a 
“user-side” approach [13]. Ecosystem services that are functions and processes 
not directly used by the society but which are necessary for goods and services of 
direct use [37], such as wildlife maintenance/habitat, plant and forage resources 
diversity, soil quality and forage mass are also evaluated within the ecosystem. 
These services are considered as a “donor-side” [13]. Two possible main paths 
can be used to assess the values for the ecosystem services: natural driving forces 
and human society and economy [37]. 
Emergy analysis differentiates the inputs from renewable, non-renewable, and 
imported sources. From these inputs, emergetic indexes are calculated and pro-
vide valuable information for making decisions regarding sustainability. The in-
dexes used in the emergy synthesis account for the all resources used, both eco-
logical and economic, which is an advantage in relation to the traditional eco-
nomic indices. This method also allows for estimating and comparing the 
emergy values of different system components [38] [39]. 
Cultivated pastures with exotic species have a relatively high dependency on 
external inputs and moderate usage of local non-renewable resources. Such pas-
tures need to be implemented with technical criteria and adequate environmental 
norms so that there are no negative impacts on the environment [40]. Exotic 
pastures showed a renewability of 72.17%, meaning that 27.83% of the inputs 
were related to non-renewable sources of emergy. Although also sustainable, their 
use in wetlands may affect plant richness and other ecosystem components. 
Natural pastures with best management practices have the highest environ-
mental sustainability and the lowest load on the environment [36]. Natural wet-
land pastures are more sustainable, because they have the possibility to be main-
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tained under economic stress [38] [41]. 
The transformity (Tr) for the optimum status of wetland pastures was less 
than the exotic pastures (optimum status) and wetland pastures (marginal and 
moderate status) indicating higher efficiency in production. Tr is the inverse 
value of the system efficiency. As the number is small work with the inverse. Tr 
is the ratio of emergy required in transformations to energy untransformed 
products or services in a system, as well as the indication of the hierarchical level 
of the system resources [42] which is defined as solar emergy per unit energy 
(sej∙J−1). It is recommended that “high quality products should not be used for 
low quality purposes” [43]. A method was established for assessing the product’s 
working principles using energy quality hierarchy and Tr contributing to estab-
lish ecological quality criteria [44]. 
The renewability (R) of the native wetland pastures with optimum status was 
less than the marginal and the moderate status but the efficiency of this system 
was higher. The pasture productivity of the optimal system is higher, making a 
greater production of livestock possible. The higher production of livestock re-
quires greater consumption of economy resources, but this incorporation was 
responsible for a small reduction in renewability when compared to regular and 
optimal systems, but as it has already been discussed, the optimal system was 
much more efficient. 
The total emergy (Y) used to drive a process can be considered a measure of 
self-organisation that occurs in the environment to enable a given process. EYR 
shows the contribution of natural capital in relation to purchased resources. In 
this study, all native wetland pastures evaluated had EYR > 5 in contrast to ex-
otic pastures (3.46), which indicates a greater use of secondary raw material. 
EYR is an emergy performance index. An EYR > 5 indicates the use of primary 
energy resources, strong market competition and that the developed product has 
a high economic benefit [38] [45]. On the other hand, the ELR shows the use of 
environmental services and reflects its environmental impact [33]. The highest 
value for exotic pastures (0.39) was similar to the production system of the 
Pampas (0.37), in Argentina [40]. When the values are less than 2, they indicate 
low environmental impact. Furthermore, another factor that contributes to dis-
sipate negative impacts is large areas [46]. Nevertheless, it is not recommended 
to analyse the indices in isolation. 
EIR values obtained in this study were low when compared to the systems that 
are more intensive such as milk production farms, which usually have values 
between 3 and 5 [47]. Natural wetland pastures presented values next to 0.1. A 
lower value indicates a lower economic cost with higher benefits. However, the 
values obtained here for exotic pastures (0.42) were close to those obtained in 
the grazing cattle system in the Pampas (0.37). A high investment ratio may be-
come uneconomic [38]. 
EER describes if the system is being remunerated by the production [48], 
which is the amount of emergy that can be purchased by one dollar in a year 
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[38]. The value of 1 represents that all emergy used in the product has a return 
from the money received. In this study, native pasture in optimum state (1.07) 
had values next to 1 but received less than the emergy spent. The other pastures 
also spent more emergy in products than in money received. 
ESI values obtained in this study for natural wet grasslands were very high, 
similar to those found in the indigenous production (115.98) in Mexico [40] 
[49]. Exotic pastures presented lower values (8.97). The greater ESI does not al-
ways indicate the sustainability of the process, since at ESI > 10 the process is 
considered to be underdeveloped [50] [51]. Very low values indicate the possi-
bility of the system to have become inviable over time. In the systems studied 
here, native pastures wetland are a low input system. Ecosystem sustainability 
involves deriving more goods and services from the environment than the 
economy [14]. ESI alone does not reveal the true sustainability because it is de-
termined by multiple social, economic and ecological factors. 
DEA analysis showed that DMUs with natural pastures produced larger out-
puts with a smaller amount of inputs, which makes them more efficient. Al-
though natural wet pastures are DEA efficient regardless of their state of con-
servation, optimum state native pastures were as productive as exotic pastures, 
making the conservation and sustainable management of these pastures of ut-
most importance. 
Overall, it is necessary that decision makers recognise ecosystem goods and 
services provided by well maintained native pasture wetland, seeking to ensure 
future economic welfare and environmental integrity [37]. The development of 
public policies for the conservation of these ecosystems will contribute to the 
biodiversity and ecosystem services conservation and the development of sus-
tainability of the Pantanal region. There have been several international debates 
involving governments, scientific community and other stakeholders on an In-
tergovernmental science-policy Platform on Biodiversity and Ecosystem Services 
in order to optimize the generation of user-friendly knowledge of those elements 
of biodiversity that are considered ecosystem services [4] [5] [6] [52] [53]. 
Marginal regions such as Pantanal need to have sustainable low input live-
stock systems developed and valued, because there are several abandonment 
large areas as well as many areas intensified without technical criteria. The inte-
gration of positive externalities of native pasture based livestock [54], especially 
conserved and optimized by restoration should be compensated for the services 
provided. 
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Appendix 1. Emergy Contability of Wetland Pasture of the Pantanal with Optimum 
Conservation Status 
Category Item 
Renewability 
fraction 
Quantity Units Factor Transformity 
Renewable 
emergy 
flow 
Non-renewable 
emergy flow 
Total 
emergy 
flow 
% 
R1 Sun 1 5.29 kWh/m2/year 3.60E+10 1 1.90E+11 0.00E+00 1.90E+11 0.01 
R2 Rain 1 1.30 m3/m2/year 5.00E+10 31,000 2.02E+15 0.00E+00 2.02E+15 88.71 
R3 Water table 1 3.65 m3/m2/year 5.00E+06 18,4800 3.37E+12 0.00E+00 3.37E+12 0.15 
M1 
Vaccines and 
medicines 
0 0.04 Kg/ha/year 1 1.48E+13 0.00E+00 5.77E+11 5.77E+11 0.03 
M2 Calcium carbonate 0 25.25 Kg/ha/year 1 1.00E+12 0.00E+00 2.53E+13 2.53E+13 1.11 
M3 Magnesium oxide 0 6.42 Kg/ha/year 1 3.80E+11 0.00E+00 2.44E+12 2.44E+12 0.11 
M5 NaCl 0.2 64.50 Kg/ha/year 1 1.68E+12 2.17E+13 1.08E+14 1.08E+14 4.77 
M6 Others materials 0 6.63 US$/ha/year 1 1.18E+13 0.00E+00 7.82E+13 7.82E+13 3.44 
S1 Depreciation 0 1.92 US$/ha/year 1 1.18E+13 0.00E+00 2.26E+13 2.26E+13 1.00 
S2 Labor 0.5 1.29 US$/ha/year 1 1.18E+13 7.61E+12 7.61E+12 1.52E+13 0.67 
 
 
 
 
